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Abstract 
A la rge  volume of a t m o s p h e r i c  constituent d a t a  is b e l n g  c o l l e c t e d  i n  
r h e  global a i r l L . l ~ ~ : ;  by specially equipped £3-747 a~rcraft. T h ~ s  NASA E r e -  
gram a l s o  o b t a i n s  data f rom t h e  s i m i l a r l y  equipped NASA CV-990 air;raiT 
d u r i n g  dedicated f l i g h t s  such as a recent near pole-to-pole E a ~ ~ r ? i d ~  s u r v e y  
rn~ss lon ,  Aerosol composition d a t a  are also co l l ec t ed  with a NASA Fz-105 
an, 
P.1 
a i r c r a f t .  Present measurements include ozone, ca rbon  monoxide, wate r  
1 
Fr;l 
vapor, aerosol and condensation nuclei number densities, sulphares, 
nitrates, and t h e  chlorofluoromethanes. Meteoro log ica l  and flight hi- 
rameters are a l s o  recorded f o r  use i n  data analysis. The present air- 
~ r a f r  operations obtain data between 6 and 1 3 , 5  km from 65" N between 
Europe and the north Pacific, and from S o v e r  S. Arnerlca a n d  b2" 3 
over New Zealand. T y p i c a l  c o n s t i t u e n t  data f rom t h e  a l r c r a f t  sperarlQns 
d u r i n g  t h e  f i rs t  one and a ha l f  years are presented. I n a t r u r n e n t a t i ~ n  1s 
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Introduction 
Thls report describes the NASA Global Atmospheric Sampling Pro- 
gram (GASP), ~ncluding the aircraft system, measurement instruments, 
aircraft distribution data, and atmospheric constituent data. These 
l a t t e r  data include ozone, carbon monoxide, condensation nuclei, 
watec v6po~, and aerosols. 
Since March 1975, the NASA GASP program has been cobleeting 
upper atmospheric constituent data with specially instrumented B-447 
aircraft flying commercial air routes. The completely automated GASP 
system [I] uses in-situ measurement techniques to obtain data on 
selected trace species. The resultant data base i s  used to describe 
local and seasonal variations of these trace species. The NASA CV-990 
research aircraft is equipped with a similar automatic system to obtain 
constituent data during dedicated flights into less-travelled areas of 
the world. Thas GASP system complements data obtained by research 
scientists flying remote sensing and prototype instruments on the 
CV-990 [ Z ] .  Another NASA research aircraft, the E-106, is used to 
supplement GASP B-747 filter data on the chemical composition of 
atmospheric aerosols. Vertical proflles of aerosol species and a f f -  
route data are obtained by thns aircraft. 
The GASP program was initiated to provide baseline mformation 
an atmospheric constituents which could be used wlth other data se ts  
and with romputer models to assess  he effects of aircraft exhaust 
emissions on the upper atmosphere. T h l s  assessment effort was prompted 
by studies conducted several years ago [ 3 , 4 9 .  The results of a more 
recent study [5] predict a lesser effect of aircraft emissions on 
acm~spheric ozone. This latter study does recommend and suggest, however, 
continued research in certain problem areas, including studaes of the 
dynamics in the region of principal aircraft traffic- It a l s ~  rec3nmends 
the simultaneous measurement of the concentrations of several specles 
crlc~cal to ozone destruction and production as a f~nction of alsltude 
and latitude. The data from the NASA GASP program have already pro- 
v~ded rnformation and progress in both areas [ 6 , 7 ] ?  These results 
I n d i c a t e  that the GASP data will help achieve rhe NASA g o a l  sf under- 
srandrng the b a s l c  physics, chemistry and transport in the upper dr -  
nosphere.  
L r i  c h i s  report, the automated system and its c p ~ r a t i o n  are outlln~d 
S a r n p l i ~ g  routes for the 3-747s are presented a l o n g  with operaci~nai 
data describing the distribution of GASP data with altitude and latltude 
Concentration data for ozone, carbon monoxide, and condensation n u c l e ~  
are presented as typical data obtained by the B-747 automared system. 
Measurements of total ozone and in-situ water vapor obtained from the 
recently completed CV-990 Latitude Survey Mission [2] are  also p r e s m r e d .  
Data on arrnospheric sulphate concentrations In the vicinity cf the 
tropopause, obtained from the F-106 aircraft, are shown. 
The GASP program operates systems on four B-747 axrc ra fc  One 
syscem is flown by Fnited Airlines, two are flaw by Pan Amerlcan World 
Airways, and one is flow by Qanras Airways of Australia. One 01 r hs  
Pan Am alrcraft is the B-747 SP (Specla! Performance) verslon, w h l ~ h  
provldes higher altitude and longer range c a p a b i l ~ t y .  
Description of Measurement System 
As p a r t  of the Global Atmospheric Sampling Program, NASA L e w l ~  h a s  
installed automated atmospheric measurement systems on i o u r  8-747 
aircraft and the NASA CV-990 research aircraft. System installations 
were completed between December 1974 and August 1976. The aircraft 
and their in-service dates are shown in Fig. 1, The systems ar5 
ssandardized to allow for ease in servicing and the interchange oi GASP 
instruments among the airplanes. The following paragraphs w ~ i l  revlew, 
first, the airflow system which provides the sample air to the measure- 
ment instruments; second, how the system on the B-747 is controlled and 
how the data is acquired; and, third, the instruments which obra~: ,  
the data. 
Airflow S3stem 
Air samples for the in-situ measurements enter the GASP system 
through two tubes fixed in a capped inlet probe mounted on the bottzm 
of the fuselage. A schematic of the GASP system installation 1s shown I n  
Fig. 2, The probe is open whenever the aircraft is above 6,9 kin, One 
of the inlet tubes ducts atmospheric air through air sample lfnes r o  the 
instruments in the GASP equipment rack which is installed below the f i r s t  
class passenger cabin. This air is pressurized by the pump p83zksge and 
regulated to one atmosphere before it flows through the ozone and r a x -  
bon monoxide instruments. Other air bypasses the pump to flow d l r e c r l y  
to the condensation nuclei counter, the whole gas sample coPPectlon 
system, and the nitric oxide analyzer. 
Another portion of the atmospheric air entering the air sample  
inlet: probe flows around the right side of the aircraft t o  r h e  p r e ~ r l c u s l l y  
described filter collector mechanism. After flowing through the paper 
filter, the air passes through a venturi for a measurement cf t h e  
flowrate. Filter collector systems are mounted on the reguisr B - 7 4 7 ' 3  
flown by United Airlines and Pan Am. 
The second tube i n  t h e  i n l e t  probe d u c t s  a i r  t o  the p a r t i c l e  s e n s o r  
unit. P a r t i c l e s  i n  t h e  v i s i b l e  range  a r e  counted a c c o r d i n g  t o  s u e ,  
T h i s  u n i t  i s  mounted a s  c l o s e  t o  t h e  i n l e t  p robe  as p o s s i b l e ,  i n  o r d e r  
r c  m i n ~ m i z e  p a r t i c l e  l o s s  i n  t h e  p a r t i c l e  i n l e t  l i n e .  T h i s  second 
t u b e  i s  des igned  t o  sample i s o k i n e t i c a l l y  a t  c r u i s e  c o n d i t i o n s ,  
A f t e r  be ing  sampled, t h e  a i r  which flowed through t h e  i n s t r u m e n t s  
on t h e  GASP equipment r a c k ,  and through t h e  f i l t e r  c o l l e c t o r ,  is dumped 
from t h e  a i r c r a f t  through overboard v e n t s  on e i t h e r  s i d e  st t h c  a l r c r a f r ,  
tz Acqux s t ion/Contro 2 
The automatic o p e r a t i o n  of t h e  GASP system i s  c o n t r o l l e d  by a  
d e d i c a t e d  computer, which o p e r a t e s  whenever power i s  a p p l f e d  r9 t h e  a i r -  
c r a f t ,  The computer, c a l l e d  a Data Management C o n t r o l  Unit (DMCU), i s  
programmed t o  o b t a i n  a d a t a  p o i n t  o r  c a l i b r a t i o n  p o i n t  as o i t e n  as e v e r y  
f i v e  minutes  w h i l e  t h e  a i r c r a f t  i s  above 6 . 1  km. The computer and a 
F l i g h t  Data A c q u i s i t i o n  Uni t  (FDAU) t o g e t h e r  a c c e s s  t h e  c o n s t i t u e n t ,  
m e t e o r o l o g i c a l ,  and a i r c r a f t  o e r a t i o n s  d a t a  o b t a i n e d  by t h e  GASP i n s t r u -  
ments,  They a l s o  a c c e s s  d a t a  through a t i e - i n  w i t h  t h e  a i r c r a f t ' s  In- 
e r t i a l  Navigation System ( INS) .  These d a t a  a r e  recorded  by a  d l g i t a l  
c a s s e t t e  r e c o r d e r  on magnet ic  t a p e  c a s s e t t e s .  
The computer i s  programmed t o  r e c o g n i z e  s p e c i a l  e v e n t s  and t o  
record  t h e s e  e v e n t s  i n  t h e  d a t a ,  A s  an  example, con t inuous  rea l  t ime re- 
c o r d i n g s  of da ta  a r e  ob ta ined  dur fng  p e r i o d s  of h i g h  v e r i c a l  a c c e l e r a -  
t i o n  (greater  t h a n  1 . 2  G o r  less t h a n  0.8  G )  and d u r i n g  c o l l e c t i o n  of whole 
a r r  samples.  The exposure  p e r i o d s  f o r  GASP f i l t e r  samples a re  a l s o  
c o n t r o l l e d  by t h i s  sys tem a s  are z e r o  p o i n t  and span  checks ccnducted on 
s e l e c t e d  i n s t r u m e n t s  i n  f l i g h t .  
The measurement instruments are turned on durlng aircraft preflighc- 
The computer takes over control gust prior to take-off. A standby con- 
dition is held until a signal is received by the processor from t he  
altimeter to set up the system for sampling, A basic 60-minute sampling 
cycle is constructed by alternating 5-minute sample and calibration 
modes, Thus, there are six sample readings and six different caLibrar lans  
taken each cycle. A19 data are recorded during a 16-second pewzad at 
&he end of each 5-minute mode. Not all instruments require t h e  i u X 1  
s i x  calibrations each hour, Where calibration data are not needed, air 
sample readings are taken, Before landing, the system is returned 1.0 a 
standby condition. 
Constituent Measurement Instrwnents 
The GASP systems are equipped to measure the concentrations sf a 
number of atmospheric constituents. These include both gaseous and 
particulate species. Except for the whole air samples and the aerosol 
filter collections, all of the constituents in Table 1 arg beang measured 
at least as often as every ten minutes during system operation, The 
measurement of nitric oxide is scheduled to begin in August 1977 w a r h  an 
instrument in the GASP automated system on the NASA CV-990 research air- 
craft. Installation of other nitric oxide instruments on the B-747s 
will occur in the later months of 1 9 7 7 .  
Most of the constituent measurement instruments have been described 
elsewhere [I], so only a short statement of each instrument's p r ~ n c i p k e  
of operation is provided. Each instrument's measurement: range 1s shown 
in Table 1, 
Ozone 
In-situ measurements are obtained with an ultraviolet absorption 
photcixter. The difference in measured intensity of an ultraviolet 
beam (at 2578 A) passing through the atmospheric sample and an ozone-- 
:ree air sample is an indication of the ozone mixing ratio, As an ald 
in calibration, a zero measurement, of ozone-free air, is made once 
edch  hour during flight. The ozone is removed by passing the air through 
acrlvated charcoal. Periodic tests are made on each aircraft to determine 
t h e  percentage of ozone destruction which occurs in the inlet llnes 
and the press~rization system. The appropriate corrections are then made 
to the ozone data. 
Carbon Mo:zoxide 
Local values of the carbon monoxide mixing ratio are obtained with 
a nondispersive infrared analyzer. The instrument uses a dual isotope 
fluorescence principle. Zero gas measurements are obtained every twenty 
minutes during flight by flowing Lhe air sample through a heated catalytic 
scrubber. iests to measure the gain of the electronic circuit are also 
r.iadt2 aut~nal~cally in flight. 
C > ~ d e n s ~ ~ t i o ~ z  ~Vuc l e i  
ikiblent concentrations of condensation nuclei (CN) are obcarned wlth 
; c l o u d  chamSer type of instrument, Reliable measurements can be made 
3 
a: coccentrarfcns as low as 30 nucleilcm . In the instrument, water 1 s  
c>nc ,ensed  oil any particle larger than about 0,003 vn in diameter. Thls 
conceusd~ion is produced by adding water to the air sample and suddenly 
reauctng the pressure inside the instrument's cloud chamber. The particles 
whlc:-i result can grow to 20 pm in diameter. The actual determlnarlan 
of the nunber of ncclel in the resulting cloud 1s made by measuring 
the attenuation of a light beam passing through the cloud, 
The CN unit is calibrated at NASA-Lewis with a Pollack counter, 
whnch has been established as a reference, 
In-flight t e s t s  on this instrument include a zero test (all par- 
ticles are removed from the air sample by an absolute filter) and a test 
of the gain of the electronic circuit. 
Data are sampled from t h e  CN instrument at a rare of once a second 
during the 16-sesond data recording period, In addition, data every 
twenty seconds during the four minutes prior to the data recurdfng p e r i d  
(hence 12 additfonal CN values) are stored and then recorded during the 
period, Once an hour, for five minutes, an instrument range change ex- 
3 tends the instrument upper limit to 30 000 nusleilcm , in order to measure 
she possgble occurence of clouds or aircraft wakes. 
Watep Vapor 
The GASP system presently obtains measurements of water vapor with 
an aluminum oxide hygrometer. In the future, measurements will be made 
nrch  an instrument which employs the chilled mirror technique, Flight 
tests of this latser instrument on the CV-990 have shown it to be more 
reliable, This chilled mirror instrument will soon be installed on the 
B-747 aircraft, 
With t h i s  instrument, a cooled mirror is exposed to the sample 
flow such that a thin layer of dew or frost is formed, An opcicaL system 
senses mlrror reflectance and operates a thermoelectric cooier to main- 
tain the mirror temperature at the dewfrosr point. 
i-Jitric Oxicie 
The n i t r i c  o x i d e  c o n c e n t r a t i o n s  will b e  measnred with 8 c,hernilumi-- 
n e s c e n t  i n s t r u n e n t .  Zero measurFnents v i i l  be made i n - f l i g h t .  Span 
measurements w i l l  a l s o  h e  1nst:e w i t h  a 1 ppbv concentrP:irior. of  n i t r i c  
c;::ii.e ca  LF:~i:aticti gas car-cied w i t h  t h e  instrui:~ent:. Th i s  i:.~s.truir;er~t 
z;zy nl:;o p r o v i d e  a mea.s~lrement of c i t r o g e n  d i o x i d s  i n  t h e  f u t u r e  wher, 
tI-!e ~ i i r r c g e n  dio::ide t o  n i t r i c  c;:;ide c o n v e r t e r  c u r r e n t l y  unde:- de l re lo!~-  
n e r t  i n  perfected. 
,~,:,',~<~:;() 7s 
- I *  :;e chei:li.cal cornpo:;ii;ions of t y p i c a l  a tcos l - ! ier ic  aerosols drc c!cter- 
; ~ i n c c !  f rom measurements of a i r b o r n e  mater ia l  c o l l e c t e d  on f i l t e r  p a p e r  
L v  t h e  GASP f i l t e r  c o l l e c t o r  s y s t e x .  P r e s e n t  f i l t e r  m a t e r i a l s  exposed 
d u r i i : ~  f l i g h t  e f f i c i e n t l y  c o l l e c t  m a t e r i a l  which is i d e c t i f i e d  by  i o ~  
c l l io~ .~a i~ l : : r aph ic  a n a l y s i s  i n  t he  l a b o r a t o r y .  The p r e s e n t  a n a l v o i s  i s  
l o r  a n i o n s ,  i c c l u d i n g  s u l p h a t e s ,  n i t r a t e s ,  c h l o r i d e s ,  and f l t i b r i d e s .  
i i n a l y s i s  f o r  c a t i o n s  may b e  added d u r i n g  the  c e x t  y e a r .  
Aerosol p a r t i c l e  s i z e  and nunher d e n s i t y  i s  o b t a i n e d  by  a n  i n -  
s t r u m e n t  u s i n g  s L i ~ i l t  s c a t t e r i c g  p r i z c i ~ l e .  F l i g h t  f e s  t e x p e r i e n c z  
uLc:;  t h l  s i n s t r u m e c t  i n d i c a t e d  t h a t  f l i g h t  chroagh a c l o u d  : & s u i t e d  LC 
:: ~ ~ : : r ~ l c l e  s i z e  d i s t r i b u t i o n  t h a t  i s  s i g c i f i c a n t l y  d i f f e r e n :  f;oa t h n ~  cf 
;! tclt>.nr a i r  sample ,  mainly i n  the  total count of t h e  larges: s i z e  
?ai-:icLes. k, siny:e c l o u d  d e t e c t o r  i s  ' ihere.fore o b t a i n e d  5y i;bscrvl;lg 
:he councin~ r3t.e o f  t h e  largest  s i z e  p a r t i c l e .  
;,';~oZ.i. Air Sa~npls:: 
The GASP system u s e s  a grab sampl ing nctlrod t o  a c q u i r e  who le  a i r  
sniij) ii?s [ ~ i i  i c :~  a rc  : 4 1 1 2 l , 7 ~ ~ ( i  by gas c h r u ~ x i t o g r ~ p h l i ,  S?ecia.li.j t r c o t e d  
s t a i n l e s s  s ~ c e l  f las-1:~  a r e  purged and f i l l e c  a t  C l i i y h t  a l t i t u d e s  and t h e n  
analyzed at Lewis for the chlorofluoromethanes, F-11 and F-12, Other 
nethods are being explored in order to obtain measurements of nitrous 
sxide, carbon tetrachloride, and other compounds in the whale aar  samples. 
3 s  teoro icgica  2 and Support Data 
In addition to the above atmospheric constituent data, the GASP 
system also records Supplemental Data, as listed in Table 2, These data 
~ugrnent the consrituent data and are used to correlate it an i t a ~ ~ s ~ l c a l  
studaes. The data of Table 2 are all recorded with rhe Greenwich Mean 
Time. As a direct result of these measurements, data on che l o c a l  sun 
zenith angle and the local value of the tropopause can be cahculated, 
The tropopause data which correspond to local aircraft position, are 
derived from space and time interpolations into the National Metearolog- 
ical Center gridded tropopause pressure arrays. 
Route Structure 
The airlines currently flying the B-747 alrcraft equipped warh the 
automated GASP systems were chosen initially for the global coverage rhey 
p a ~ v l d e d ,  The routes currently flown by their B-747s are shown In 
Fig, 3 ,  High density of aircraft traffic in these corridors It also 
is desirable because the majority of the earth's anthropogenic acLluLrTJr 
1 s  In this region. Polar route coverage is desirable to eharaccerize 
the entire hemisphere, while southern hemisphere coverage as d e s r r a b i e  
r o  characterize global and interhemispheric differences and t r a n s p o r t .  
The United, fan Am, and Qantas B-747s equipped wlrh GASP sysrems 
obtain d a t a  in the northern mid-latitudes at varlous l oca t ions  around 
the globe. In addition the Pan Am 747 SP obtains data on sub-polar 
flights as high as 65' North latrtude. The Pan Am and Qanras az rc re f r  
obtain data, f o r  interhemispheric comparisons, in the southern barnasphere 
to 42" s o u t h  o v e r  AustraEFa, New Zealand,  t h e  I n d l a n  sub-eont Fnent , and 
occss~onally on f l i g h t s  i n t ~  South Afr ica  and anto Brsz~l- Other a w e r a g e  
3~ n h t a ~ o e d  b g  *he  CV-990 a f r r x a f t ,  w h ~ c h  recently f3ew over t h e  P a c i f i c  
o o Ocean between 7 5  N and 6 l , 5  S d u r i n g  i t s  recent Latitude Survey Miss ion ,  
d u r i n g  dedicated m i s s i o n s *  
D i s t r i b u t i o n  of GASP Data 
NASA-Lewis has been obtaining d d t a  from t h e  GASP pxogram s l n c e  r h e  
f i r s t  syssem began re tu r ' n lng  data un t h e  C n ~ r e d  A". l~nes 417  In March 1975.  
The GASP data o b t a i n e d  between March 1975 and Seprember 1976  has been 
ana lyzed  f o r  I t s  d i s r r f b u t i o n  over  a l s l r u d e ,  l a t i . t u d e ,  and Eonglrude- 
I) This  dara ,  averaged over  5 inc rements ,  i s  shown i n  Fzg? 4 ,  i t  shows t h a t  
about  80 percent  sf GASP d a t a  was taken between 20@ and 60' North l a c i c u d e s ,  
The s o u t h e r n  hemisphere d a t a  f r a c t i o n  w i l l  quadrup le  a f r e r  t h e  Qanras 
a r r c r a f t ,  which began r e t u r n i n g  d a t a  i n  J u l y  1976,  1 s  In ope ra t son  f o r  
~ w e l v e  m o n t h s .  O therwise  t h i s  d l s t r ~ b u t i o n  s f  GASP d a r a  by l a t l t u d e  
shou ld  be r e p r e s e n t a t i v e  of f u t u r e  d a t a ,  u n l e s s  t h e  airlines make major 
changes I n  their B-747 aLs r o u r e s  
T h e w  GASP d a t a  were a l s o  d ~ s r r ~ b u t e d  by  f l ~ g h t  alrltude Thls  d i s -  
tribution 1s shown an  Fig, 5 p  In  t h i s  r n i t l a l  nlneteen month periad, 
about  seven ty  p e r c e n t  of GASP d a m  were o b t a i n e d  between 10 1 and 11<9 km. 
The d a t a  a r  1 2  5 ,  13 1, and 1 3 , 7  km are predominately from f l l g h c s  c ~ f  t h e  
Pan  Am 7 4 7  SP which f l l e s ,  on che average ,  i 2 km above the r e g u l a r  
B - 7 4 7 s  T h e  small peak at 6 , 4  km is a r e su l r  o t  the GASP system >per -  
ds lon  A d a t a  po ln t  i s  always caken rmmediarely a f t e r  svstem set-up 
a t  6,1 km, When t h e s e  d a t a  are  ana lyzed  w l t h  respect  t o  t he  local 
bropopause heagh t ,  c o n s t i t u e n t  distribur~ons can be sbta~ned cve r  = 
p r e s s u r e  ~ n t e r v a l  of up t o  L200 hPa from t h e  t ropgpause .  
Analysis of GASP data shows a longitudinal distribution which tends 
r a  peak near high density airports located in the major air corridors, 
including the continental United States, Hawaii, Australia, Tokyo, and 
Western Europe. 
Cans tituent Daf a 
The GASP program is obtaining simultaneous measurements of the specles 
sn Tables 1 and 2, except for nitric oxide. This report presents data 
on the measurements of ozone, carbon monoxide, and condensation n u d e 1  on 
the B-747 aircraft, as well as data from the CV-990 and F-106 a l r c r a f c ,  
PJaght Records 
The data base for ozone has been accumulating since March 1935 ,  
The carbon monoxide and condensation nuclei data are limited and their 
data bases are still small. While they accumulate, however, some observa- 
tion can be drawn from examination of individual flight records, One 
such flight record is shown in Fig. 6. Data for ozone, carbon rnanoxlde, 
and condensation nuclei were obtained during a flight from Los Ange~es 
to RonoYulu, The data are shown versus longitude, along wirh the s t a r l c  
air temperature and aircraft flight altitude. 
The concentration of these species are indicative of a tropospheric 
alrmass Ozone mixing ratios are almost entirely below 150 p ~ b v  dnd du 
not exhibit much variability. The carbon monoxide mixing r a t l o s  ace 
typically tropospheric, northern mid-latitude values [ 8 ] .  The unifcrmity 
of rhe data and its low variability indicates upper troposphex~c a l r .  
The data for condensation nuclei are within the expected range o i  values 
far rropospheric air. This particle data, wirh its peaks near 122 W 
and 152 W longitude, may actually be typical of clouds, or typical of 
jet alrcrafr influence as suggested by others. The study of many such 
f l i g h t  r e c o r d s  would b e  needed, however, to prove either c a s e .  Examma- 
t i o n  of similar f l i g h t  r e c o r d s ,  w h ~ c h  a re  s b t a f n e d  i n  the stratosphere, 
.>hl?w i n ~ * r z z s e d  l eve l s  3f ozone along with reduced l e v e l s  of carbon 
monoxide and condensation nuclei, These d a t a  are also t y p i c a l  of d a t a  
~bca~ned by other ~ n v e s t i g a t a r s ,  
Se t s  of s l m u l r a n e o u s l y  acqui red  atmospheric data, l i k e  the ozone,  
carbon monoxide, and condensati~n nuclel data of Fig, 6, can be used to 
s t u d y  several possible effects, The e x t e n t  of an i n v e r s e  correiatlon b e  
t~e tween  ozone and condensation n u c l e i  acd or carbon monoxide can be eval- 
uated. Also,  t h e  distribution of these spec-ies and their gradients through 
the atmosphere can be found and documented, 
Jrert.ilcct-l Ozone and Temperature Pro fY l e s  
The local ozone data obtained by t h e  GASP program during 1975 were 
analyzed w i t h  respect to the h e i g h t  above o r  below t h e  t ropopause,  t h e  
d i f ference  is in hPa. The distribution presented i n  Fig. 7 shows an 
ozone mixing ratio in t h e  troposphere of approximately 50 ppbv* Above 
the tropopause, t h e  rnixlng ratio increases rapidly with lncreaslng d l s -  
t ance  above the Eropopause ,  This almost classical descr~prian of oznne 
a g r e e s  well with t h e  1976 Standard ~tmosphere Ozone profile which assumes 
a tropopause h e i g h t  a t  11 km. If aircraft affect the local 3zone mixing 
r a t i o  by 5 to 10 percentage points, as suggested in one scudy 151, GASP 
data of t h i s  type over several years will show ~ t .  
The v e r t i c a l  p r o f i l e  of the s t a t i c  a i r  t empera tu re  o b t a i n e d  f r o m  
t h e  GASP data is also shown in Fig, 7. It also shows the classical d l s -  
0 
trlbutlon. Its average  rnlnimum value i s  a t  -58 C In  c l o s e  agreement 
with - 5 6 O  C from the Standard  Atmosphere- 
Ozone data from the GASP program fo r  1975 and  ea r ly  1976 f ia~re  been 
analyzed in this and other formats. Consistency has been shown [ 7 ]  with 
historfcal data from the 1960 decade North American ozonesonde network. 
The GAS? ozone data base is now large enough to obtain distribut~ons 
of ozone with respect to altitude, latitude, and in blmonrhly ozone dia- 
trlbuttuns, Researchers under NASA contract have used the GASP data in 
their ozone transport studies and in makfng estimates of the flux of 
stratospheric ozone into the troposphere at the mid-lacftudes [ G I ,  
Orher researchers are using GASP ozone and particle data in studies 
sf the troposphere. 
Mat-er V ~ O T  
NASA utilizes the CV-990 research aircraft to obtain atmospheric 
constituent data in regions not travelled by commercial airlines, The 
recent NASA-Latitude Survey Mission [ 2 ]  over the Pacific Ocean was one 
such f l a g h t  series involving the CV-990 aircraft and its GASP system. 
Concurrent with the automated system, researchers operated prototype 
instruments in the CV-990 to evaluate them for possible adaptation to 
other systems including satellites. This procedure has been used co 
evaluate instruments for the B-747 system. 
Duxing the survey mission, data on the latitudinal dlsrrfbut~on of 
water vapor, among other species, was obtained with the GASP ch~lled 
mlrror hygrometer as shown in Fig. 8. The data have been averaged over 
'3 S laritude increments for two different altitudes. The structure an 
r h e  two curves reflects to a certain extent the interaction between the 
atmosphere% primary circulatian cells, The peaks near the equarorlah 
legion show the upwelling of the tropical afr, A similar d~strxkurion, 
not shown, at 10 km was obtained by the B-747 aluminum oxide hygrometer 
for the same period. Data from the B-747 aircraft will make possrbhe the  
determination of seasonal distributions. 
Tot.2; /jzc;ne 
P.::>-'l~er prototype instrument evaluated on the CV-990 durlng the 
Latl tuae Survey X i s s i o n  was an ultraviolet spectrophotoneter (UVS). 
T h l s  ~ n s t r u r n e n t  obtained UV flux d a t d  in several r a d l a t i o n  bands whlch 
were then analyzed for an indicatfon of the total ozone overburden 
abcve  :he a l r c r a f r  193 .  Corrections for the ozone underburden w e r e  made 
u z l n g  r h e  aircraft altitude, and the l o c a l  ozone mixing r a t l o ,  Data 
from the UVS were compared with da ta  from overf lown Dobson brations In 
t h e  q o u ~ h e r r  !2ezisphere. The agreement was w i t h i n  $ 2  I e r c e n r ,  The  ratios 
- 
r,f 'VS  t0 D o b s o ~  total ozone values are shown in F i g .  9, The UVS v a l u e s  
were a lmos t  a lways  less than the Dobson values, Anorher result- o f  r he  
CVS system on the CV-990  Latitude Survey Mission was t h e  derlvaticn 
of  a latitude profile of total ozone, as shown in Fig. 1 0 .  T h e  da ta  
shows t h e  expected result, a minimum in the equatorial reglon and naxi- 
mum values near the p o l e s .  Data south of 30' south latitude include 
variations caused by differences in time and longitude. 
h n a l y s ~ s  of the frequency of GASP measurements in daylight and 
rhe repetirlveness of GASP flight routes throughout the year indlcate 
rhac  UVS total ozone systems on GASP aircraft could provide a v a l u a b l e  
ccmplernenc to aobson s t a t l o n  and satellite total ozone measuremen-s. 
I c  would also be very useful in a program to c r o s s  callbrare ground 
b a s e d  r o t a 1  ozone stations. 
S u l p  hates 
NASA-Lewis  used an F-106 aircraft to develop t h e  filter coLlection 
system and to provide filter samples used in the efforts to d e v e l u v  
the f ~ l ~ e r  a n a l y s i s  techniques. Special flight series deployed from 
several sites between 30' and 45O N latitudes over the last several 
seasons have collected a number of filter samples which reveal the 
distribution of sulphates and nitrates below and above the local tropo- 
pause- The data in Fig. 11 show sulphate data in the upper troposphere 
and lower stratosphere. The data in the lower stratosphere exhibit 
greater variability than the data in the upper troposphere, The hlgher 
mean value in the lower stratosphere indicates a possible suaphate 
source in the bower stratosphere. A larger number of filter samples 
will be needed to characterize the origin and seasonal variations of 
this possible source. 
Concluding Remarks 
The NASA Global Atmospheric Sampling Program has been obtaining 
atmospheric constituent and related meteorological data for two years, 
Four B-747 aircraft equipped with an automated measurement system and 
the NASA CV-990 and F-106 aircraft have all been obtaining data of interest 
to researchers in the fields of atmospheric science meteorology, The 
report discusses the measurement system, and some of the typical results 
obtained from the collection and analysis of the first one and a half 
years of atmospheric data by these aircraft. 
1. Distributions by latitude and altitude show that most GASP data 
are obtained in the Northen mid-latitudes between 20' and 60", Due to 
the varying height of the local tropopause, both by latitude and by 
season, the GASP data are distributed primarily between 200 hPa above 
and below the tropopause. 
2 ;  Mean levels of ozone from GASP measurements agree well with 
historical data and profiles contained in the U.S. Standard Armo- 
sphere, GASP data show inverse relationships between ozone and carbon 
monoxide, and ozone and condensa t ion  n u c l e i  c o n c e n t r a t i o n s ,  
3. Measurements of water vapor froa t h e  CV-990 aircraft shcw 
i r i r l i u d l n a l  dlsrrlbu~lons whrch r n d ~ c a t e  the l o c a t i o n s  of the Lnrersec- 
r l o n s  o f  t h e  primary atmospheric c~rculation c e l l s  found in rhe  n o r t h e r n  
and s o u t h e r n  hemispheres.  
4 ,  T o t a l  ozoce measurements d e r i v e d  from ultraviolet s p e c t r o -  
photometer  !UVS) d a t a  a g r e e  wlth~n - +2 p e r c e n t a g e  p o l n t s  with independent 
measuremenzs from Dobsor. ozone g ~ o u n d  s t a t l ~ ~ n s ,  A l a t ~ r l r d e  p u ~ d i l e  a£ 
._oral oz.one fri.!n t h e  UVS i s  p r e s e n t e d .  
5. Su lpha te  concentrar.ions measured by  rhe  filrer ccllector sys- 
tem on an F-106 a i r c r a i t  show greater varfabllfty and h i g h e r  ~ a l u e s  I n  
t he  Power s t t t ? ? o s p h e r e  a s  compared tn  d a t a  f rom t h e  u p p e r  t r o p o s p h e r e ,  
These d a r a  i n d i c a t e  a  p o s s i b l e  l o c a l  s o u r c e  f o r  s u l p h a r e s  a t  o r  above 
t h e  t ropopause ,  
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TABLE I. - GASP mASURING INSTRUMENTS 




l l i  t ric oxide  
Aerosols 
Condensation nuclei 
Idhole air samples 
Ultraviolet absorption pho tomete r  
range 3 ppb to 20 gpm 
Cooled mirror hygrometer dew-frost 
point range -80' to +20° C 
Infrared absorption ana lyzer  range 
0,02 to 1 ppm 
Chernilurninescent analyzer range 
0,05 to 10 ppb 
Light scattering sensor/ (D 2 0 , 3  urn) 
ion chromatography/(anions) 
Cloud chamber minimum 
concentrat ion 30dcm 3 
Electron capture gas 
chrornatography/F-11, F-12 
TABLE 11. - SUPPLEMENTAL DATA 
Flight data 




Air s p e e d  
Heading 
Meteorological data 
Outside air temp, 
Wind direction 
Wind velocity 
T u r b u l e n c e  (vertical acceP, )  
Cloud  encounters 

Figure 3. - GASP route structure. 
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Figure 4. - Distribution of GASP data by latitude 
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Figure 5. - Distribution of GASP data by flight altitude. 
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Figure 6. - Ozone, carbon monoxide, 
and condensation nuclei data ob- 
tained with the automated GASP 
system during a fliyht from Los 
Angeles to Honolulu. 
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F igu re  7. - Vert ica l  ozone and  temperature prof i les w i t h  respect to NMC 
tropopause. 
F igure 8. - Lat i tudinal  p ro f i l e  of the water vapor m i x i n g  ratio, data were 
obtained d u r i n g  the CV-990 lat i tude su rvey  m iss ion  o f  1976. 
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Figure 9. - Comparison of total ozone observations by a U V  spectrophotorneter and various 
Dobson ground stations, for flights i n  parenthesis. 
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Figure 10. - Latitude p ro f i l e  of  total ozone derived f rom UVS measurements 
for November 1976 (taken f rom ref. 9) .  
F igure  11. - V a r i a t i o n  i n  su lpha te  concen-  
t ra t i on  between st ratosphere and tropo- 
sphere. 
